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Page 2 of

Module Title;

Fluoridationfanb Defluoridation

Approx. Time:

1.6 hours

Topic:

Summary

a
Ob4ect4es: Upon completion of t is module, tt participinit wift be able to: l

1. Evaluate the fluoridation ne ds for a water supply.'
2. Design ti hpoptiMal fluoridation system for a water supply.
3. Evaluate the Analytical requirement for a water supply'.
4. Determine if a defluoridationlystem is required for a.water supply.

. . .1

Instftictional Aids:

1. Handout
. Transparansies.#1,043

) 4

InstructiOnal Approath:

Discussion and class problems 4

Referen . .

44. Wa Fluoridation Principles and Practices, Manual No. M4, AWWA
2. Man 1 of Instruction for Water Treatment Plant Operators, HES .,

3. Standard Methods for Examination of Water and Wastewater, 14th Ed.
4.. Methods for Chemical Analysis of Water and Waste, EPA

'

g

Class Assignments:

Read Handout & Work 4oblems #1-#2

t V 4,

V.



no

Module No:.

II2WWS SumMary .4

Page 3 of

a

Instructor Rotes:( Instructor Outline:

Distribute Handout

Z. Present Trawarencies\b

°

A

. Discuss the need; design,l.abqratory'control
and safeti requirements for a fluoridation. .

System.

2. Give evaluation of 30 questions.

r
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k
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Page 4 'of

Module No:

T T 2WWS

Module Title:

';
fluoridation and Defluoridation

,Submodule, Ti 1(4 e

frApprox-. Time:

; Topic:,
, - ,

1 hour
IntroduCtion --

Objectives:bpon completion of th4s,toptc, the participants will be able to:
1. Describe what fluoridation is.,

..:.' - -.
2. Descrtbe"the need for fluoride:in dri king water

.

3. Analyze a given' water supply and 'de' ine the optimal
tration. .

41 Analyze a given wat,er'sup ly and detdrmine the concebtration_of
fluoride above which defl oridaii n'would,be required.-1

,___.

..----

fluoride concen-

,instructional'Aids:'

1. HandOut = IntroduCtion
2. Transparency #1,J History of fluoridation. /
3. Transparency #2 2000huoride concentration vs dental caries, .\

Ynans.parericy #3.- EPA Drinking Water Fluoride. Standard

instructional Approach:

4 4
Discussidn and problem solving

t?,

4
J

References:
1. Water Fluoridation Principles and Practices, Manual No: MA; American

Water Works Association

2. Manual, of Instruction for Water Treatment Plant.Operators, Health
Education'Service

Class Assignments:

1. The,participant will read Handout- Introduceon

9

2. The,participant will work a class problem.#1 to deterMine-max
allowable and optimal fluoride aftcentration for a given water supply.

7
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PAge-' 5 of

Module No:. Topic:

Introduction
".A..4

Instructor Notes: Instructor Outline:

1 Pres'ent Transparency #1,

Present Transparency #2

3. Present Transparency #3 ,

. Present Class Problem. #1.
Work problem with class

. participation.

a

A

a

a. ,
1. Discuss the "history of fluoridation and the

'total population affected.,

2. Discuss the benefits cif, fl uori dation and the
, aye groups mostly 'affected.

3. Discuss.th limits for fluoride in the EPA
. Drinking Water Standards. Discqss why air

;temperaturcis used.' Discuss the optimum
concentration.

4. a) Defluoridation
b) 9 mg/1
c) 1.4 m9/1
d)' .7 mg/1.

4

OA
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Page. 6 pf

ModuleNo: ,

II2WWS

Module Title:
,

.
.

Fluoridation and Defluoridati-on .
.

.

,

SuUmodule Title: . .

4

.A4rox. Time:
.

.

,11/2 hours
.

Topic: .
. , -. ,

.
-"rineiples of Fluoridation 4

- ,

Objectives:Upon completion .of this.topi\c, the participant will be able t51:
1: Describe the.role of fluoride in pre\vention.of dentaT.caries.
2. -List compounds'commonjy used_in controlled fluoridation. .

3. List one advantage and.one disadvantage for 'each compound used in
controlled fluoridation. .

.

'1'
,

.

..., .''''

,

.
. .

.

. (
. . .. .

1 t .

.
e

Instructional Aids: .
.

4 .
1. Handou.t-Principles of Fluoridati9n
2: Transparency #4-Sodium Fluoride .

3. -Transparen.cy #5-Fluposilicic Acid
.

4. Transparebcy/#6-SodiUm Silicofluoride
. .

. .

5. 'Transparency/#7-Summary of.Fluoride Compounds .

6. ,-Transparency #8-Summary of Chemical Use .

.

.

,

,

Instructional Approach: .

.
.

..
.

Discussion ,

/.%

e t. ,
) -5*-0

4 LA '1 .
°

.

References: . .

1.- Water Fluoridation Principles an& Practices, Manual No. M4, American .'

Water Works
f

Association.
,

2. Manual of Instruction for Water Treatment Plant Operators, Health )

Education Service ,

.

,

. d ' r ,,'

Class Assignments: .
.

. ,

1. The participant -icipant will read Handout Principles" of FluOridation
.

-.
:

.
. , ...

,
.

4

. 'e 11% .t
1

. . . ..
. e

t
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Page 7

Module No:

HMS,'

Tr

Topic:. /.
a//

PrincIples of Fluoridation

C

Instructor Notes:
1

Instructor Outline':

Present Transparency #4,

Present Transparency #5

. Present Transparency. #6'

. Present Transparency #7

) I

. Present Transparency #8

-

Discuss advantages and disadvantages of
usi,ng sodium fluoride fo controlled -
fluoridation..

a. CheMical Costs'
b. Capital Cosy
c. Safety
-d. Operation

2. Discuss.advantages and disadvantages
of sing fluoMcic acid for controlled
flddridation.'

a. .Chemical Costs
b.. Capital Costs
c. Safety
d. , Operation

e*.

`Discuss advantages and'disadvantages ofd
sodium silicofluoride for, controlled

fluoridation

a.. Chemical Costs
b. Capital Costs.
e. Safety
d. Operation.

Compare the vario s compounds and their
uses for different applications:

a. Review material romeprevious trans-
parencies
1) Chemical Costs
2) Capital Cosits
3) Safety
4) Operation

. Compare the various com
types of installation.

a. Types of installations'
sizes of communities

0 ds and general ,

fo ifferent
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Module No:

.

. 's,
.

II2WWS

Module Title: , . -

Fluoridation and Defluoridati -on .

.

Submodule Title: t
.

. 01

.

,
Approx. Time:

3 hours

Topic: .
.

. . .

Solution Feeders Used for Adding Fluorides ..

,

:.,

Ajectives:"Upon4ampletion of this.toPic, the -participant will 11e able tp:-
1. List.chemicafs thAt are commonly fed by solution feeders. . . ,

2. List types, advantages and disadvantages of solution feeders.
3. Describe reciuired,maintanance. for SolUtion feNers.
.4. Describe'safety and haiards'in handling chemicals..
5. CoMpute, desired solution feed rate for a given water supply.
6. Select a solutionfeeder system for a given app/lication.

. 1
1 . _.-.

. . /
. .

. . . .

:

Instructiohal Aids4:
. -

.

1. 'Handout - Solution Feeders =

2. Transparency-#9 - Typical Solution Feeder ,
.

3.. Transparency #10 -Typical Dilutd Acid Feeder ,

4. Transparency #11 - Positive Displacement -Solution Feeders
5. Transparency:#12 - Exkple prbbrem'on feeder selection .-

. - . _

..

Instructional Aproach: ' - .
,

Discussion and problemsoving 1

. , _ .
. .

.
.

,

' . t , . ''. '4A

.

ReferenCeSh -
;

1. Water//.Fluoridation Principles and Practices,-Manual No. M4, American

/-

Water Works Association'
2. Manual of Instruction for Water Treatment Plant Operators,10Health

Education Service .
.

--
.

,
.

, ,.
.

. . V
.

,
.

. .
..

. _ .
.

.
. .

Class Assignmentst .

1. The participant will read'Haodout - Solution Feeders

.
. -

. . ... ..

. .. h-
.

,

.

11' .

.



Module No:

II2WWS

InstructorNotes:

%.

4-^

Page 9 Of '

Topic: .

Solution-Feeders
.

Used for Adding Fluorides ,
.InstructoNPutline:

r

1. Present Transparency #9 1. Discuss the typicel solution feeder '
installation, DisEuss.Which Chemicals 7

are commonly ysed with syMni: Discds5
operatiofial problem's, necessary safety

4 practice, and maintenance for. systems..,
.

111.4

2. Preseht Transparency no

a., Softener & meter
b. Float valve
c.' Distributor tubes
ct. Pumps

.A0C

2. Discuss the typical dilute acid,feeder
installation. Discuss which chemicals''
are commonly used With system. Discuss
operational probivms, necessary safety
practices andmaintenance for systems.

.

a, Transfer pumP

B b. Mixer
Air Gap

ck° Pumps -.-
.

. -

1.
-.

.

3. Present Transparency #11... 3. bis,cuss the positive dispYacement solution
. -feeds available - Discuss advantages and _.

N . I *
.

I disadvantages of'eaV,1.
fi

a. Resi§tance to corrosion
b. ReSistance-tb abragive materials (scale)
c. Type' of, flow produced

, '0. Repair record

4. Present Transparency #12 4. Work solution feeder selection problem
Usingand discuss the reasons for thekvar7

'tous equations. Work problem width student,.
guidance.

-

s

'

12
.

*
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_ Page 10 of -

I

Module No:

-

...,,

II2WWS

Module Title: k .

, .

. .

Fluoridatlion and Deffuoridation

SUbmodule Title:

.

.
.

,Approx
,.

Time: . .

--:-

.

3 hours

Topic: . .

.4 , r
Dry Feed rs used for4'Addjng Fruoride.

Objectives:Upon completiori cilf this topic, the participant will be able to:
1. List chemicals that, are. commonly fed 'by dry feeders.
2. List types,',advantages ,and,disadl)antages of dry feeders.

. ,

3. Describe required maintriance for dry feeders.
4. Describe safetand hazards in handling chemicals.

.

5. Compute' desired _chemical feed rate for a given water supply.
6. Select a chemical feeder system for 4 given applicAtion.

_.

.

. ,

.

, .

.

./.

instructional Aids: .

.1. 'Handout - Dry Peeders
.

2. Transparency #13-#16 7 Dry Feeders : .

.

3. Transparency #17 - Example of'proper safety labeling -

,

.

1

. .

. .1
1

.

XInstructional ApOyoach: ,...; .

, - .
. ..

,Discussion.and problem solving
.

.

..,

. .

,,,,

,
. .

.

.
.

.

. .

References :
.

, 4 ,

/

1. Water Fluoridation Princi_pleS'and Practices, Manual No. M4;
,

American Water Works Association ,

2. Manual/of Instruction for Water Treatment Plant Operators, Health
_

Education. _Service ,

.

,

; s
.

0

Class Assignments:' f
, * cr,

1. The participant will read Handout -.Dry 'feeders .

.

M

, , ..

. _ - . ,

. , .
---- -

. 1. 3
.

. n

.1

'

4-
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e

Module Topic:

Dry Feeders Used for Adding Fluoride

. ,

Ins ctor Notes:

. 'Present Transparencies #13-
#16

. Present 'transparency #17

A
.

. Instructbr Outline:

cl-
.

1. Discuss, each tyRe of 'dry feeder. Inclu
operation, maintnance, advantages and
'disadvantageS compared to .other dry feeders.
Also include accuracy and safety with each
feeder.

a. Screw:type Feeder
1) -Varying characteristics of chemical....
2) Scaling in solution tank 4-
3) Control .

4') Capital costs
' b. Roll-tYpe-Feeder

. .

1) Varying characteristics of chemical
2) Scaltng in solution tank
3) Control
4) Capital. costs

c. Belt-type Feeder
1) Varying characteristics of chemi&
2) Scaling in solution tank
3 Control
4), Maintenance -of belt `& yoke

5) Oppitl costs ,

d. "LOSS-IWMEIGHT" Feeder ;
1) Varying characteristiCs of chemical
2)Scaling In solution tank
3) Control
4) Maintenance of screw drive_& scale
. beam
5) Capital costs

Work a typical dry feeder problem. Work
problem explaining 'in' detail -why each step
is being taken. Complete problem with
student guidance.

0

4
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co

.Module N-o: , Module title:

II2WWS a

A.

Fluoridition and Defludridation
,

Submodule Title:,

Approx.-Time:

Topi c:
1..

3 hours Selectiori of Optimal Fluoridation Syster#

Objectives: (Von completion of this topic, the participant will be able to:
1. Select the necessary auxiliary equipment for a fluoridation system.
2. Design the optimal fluoridation system for a _given water:system. '

r

,

1

.4-

.--

0

.

Instructional Ai ds:

1. Handout - Optimal
2. T`ransparency #18
3. ,Transparency, #19
4. Tran.sparenty #20

,.,

Fluoridation System
- Auxiliary Equipment .
Design of Fluoridation Systm

- Fluoridation Check List
,-'

Instruction.al Approach:

Discussion and problem solving

4 4

References.:' .

1. Water Fluoridation Principles and Prac 'tices, Manual NO. M4, American
Water Works AAociation

.

.2. Manual of Instruction for Water Treatment Plant. Operators, Health
Education Service .___/ ,

f,,
(e)

.

Clan Assignments:,

1. The participant will r
2. The participant will work

system fora giyen. water supply.

Hand' imal Fluoridation System
#2 on,design of a fluoridation

a

.? . ,..

15
4 . ,

Oa
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Module No: .

II2WWS

Topic:

Selection of Optimal 'Fluorldation System

Instructor Notes: Instryctor Outline:

(1. Present Transparency #18 1. Discussthe necessary auxiliary equipment
n tided for a fluoridation system. Discuss

-, v
i detail (the reason and points of appltEa'1-
,-t on' for e ch item.,

--
. ,

2. Present Transparency #19 -2. .Disc s t e Ten States Standards for
fluoridation systems..

3. Present TransOrency #20 3. Discuss the fluoridation check-list and,
how it can be used to evaluate a system-
design.

4. Present Clais Problem #2. 4. a) .8 mg/1
Work problem,with class b) Fluosolicic Acid Diluted
participation. $250 and up

c) (.8)(.15)(8.34) =.38 lbs/day
use 50t/lb
(:38)(.5) = $.49/711.V

0

4,

1.6

r

to r

lor
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Page 14 of

Module :'
.

.

, .

, '

II2WWS '1

Module Title:
.

, .

.

.-
.and apflunridation .,Fluoridatibn

Submodule Title:
.

.

, ..
N

-
, _ -

..
Approx. Time:-

,
.Topic;

.

3 hours
. ,

--

,

Analytical Control .

Dbjecxives:uppn completionof this topic",-the participant wi4/be able to:
1. Define the monitoring requirements for a given water supply set forth

by the USEPA.
, ,

c.

. -

2. Define the monitoring requirements for a given.water supply, set forth
by the Iowa D.E.Q.

_

3. List the approved,methods of analysis.
.

. .4. Interpret laboratory data for'plant control.

.. .

14/11'
.

r ,

Instructional Aids:
,

. -,

1. Handout - Caboratory Control .,
.

2. Transparency i21 - .Monitoring requirements
.

,

3. .Transparencv i122 - Laboratory Control
.

-
.. ,

.

\InstructicAal Approach:
4

. . .

Discussion ...

.

3 ' ----\
,

.

-7 .

r

1
.

. ,References: .

- ,

1. Standard Methods for Examination of Water and Wastewater, 14th Ed.

. Methods for Chemical Analysis of Water and Waste EPA
. .

.1
.

f

.

. .... ..
.

Class Assignments: .
.

1. The participant.will read Handout ,- ANalytital Control

,

,c .
.,

,
.

,

!.
(.

- J
,. ,

. . 17
.

. , ..., .
. ,. ., .
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HMIS

0

Page .15 0

Topic:

Analytical Control

'eV

Instructor NOtest InstructorAOutline:

. Present Transparency.#21

2. 'eresent Transpa1-ency #22

1

.

1. "Discuss the necessary monitoring requirements..
forfluoridation systeM9.'

2. .Discuss in detail the-various methods- for

fluoridation testing.' Include type of
equipment needed and relative cost.

o'
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Module' No:

I I 2WWS

Module Title:

Fluoridation and Defluoridation

Approx. Time:

1 hour

Submodule Tdtle:

Topic:

Jef 1 uori da &on

Objectives:Upon
completion of tits tofric,,the participant will be able to:

1. Describe, a basic 0 fludriati on' system' ,41

Instructional Aids:
*N,

1. Handout - Defluoridation_ , t..,
.%

, .

2. Transparency #23 - Basic De lubridation System

RI-
Instructional Approach:

Discussion

L.

O . , 6

,
References: =

1. Water Fluoridation Principles and Practices, Manual No. M4,
American Water Works Association

,

2. Manual of Instruction for Water Treatment Pltnt Operators,
Htalth Education Service

C7

C1 ass. Assi gnments :

1. The participant\wil) read Handout - Defluoridation

18
a
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Page 17 of

Module Topic:

,oefluorida tion

<

knstructor Notes: Instructor Outline:
4

I. 1. ''Preent -Transparency #23 T: Discuss the various defluoridation systems.
'Include costs and how'they operate. State
the chemistry involved for removal. -

.

i

1

ar

R

sloe

1 s 424'i
. 1 ...4,.

k --; 4 t

4t;

O

20 .
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II2WWS

Approx. Time:
*

1 hour

4

Page '18 of

Module Title:

tharichltionclbsllhatoricittol
Submodule- Title.:

. 4,) .
e

Evaluation

'Objectives,:

The participant should be able to answei. correctly 25 of the 0 ues.:tionS.
asked.

1. P'14S,
,..

. ,

D.

Instructional Aids,:

None

4
Instruction'al Approach:

Examiation

3

References:

None

Class Assignments:

None

a

4 I,
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Page '19 of

4

Module No: Topic:

Evaluation.

Instructor Notes: Instructor,Outlipe:
, .

Distribute exam. Each par-
ticipant is to complete

4the exam independehtly
and with na books ortnotes.
Collect after 1 fikr.

r

p

t

22

'4*
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TIOPyiEICED FLUORIDE CONCETRATIONS

1'

Fluoride-Ion Concentrations
Annual Average Of Maximum (ril 9/0 -
Daily Air Tern peratureeBased
on-Temperature Data Obtpined Recommended Limits
for a Minimum of 5 Years c Approval
(°F) dower Optimum Upper Limit

50.0-53.7 . . 0.9 1.2 1.7 1.8

53.8-58.3 0.8 -1.1 '1.5 1.7 , °

58.4-63.8 0.8 1.0 1.3 1.5

0.7 0.9 1.2 1.4.63.9-70.6*
70.7-79.2 0.7 0.8 1.0 1.2
79.3-90.5 . 0.6 0.7 0.8 1.1

,fr";

Sourced 1974 Drinking qter"Standards qnd Guidelines, Water Supply, Division,' Environmental
Protection Agency.
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SODIUM FLUORIDE

6 Item -
Sodium fluoride

NaF

Form

olecular weight

,

Powder or crystal

42.00

Commerci purityper cent 90-98

fluoride ion-2-per cent
(100 per cent pure material) 42.25

Pounds required per'mg for 1.0 18.8
ppm F at indicated purity (9g per cent)

pH of saturated solution 7.6
t

SOdium ion contributid at
1.0 ppm Fppm 1.17

F ion storage space
cu ft /100 lb 22 -34

Solubilityat 25C
g/100 g water 4.05

Weight Ib/cu ft

Cents/lb
Cents/lb availableF

65 - 50 0

4

18 - 25\ 41 - 57

Shipping containers 100-lb bap
125-400-lb

fiber drums, bulk

e

I.

0
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FLUOSILICIC AC ID

4 Item
Fluosilkic Acid

H2SiF6

Form

Molecular weight

Commercial purityper cent

Fluoride ionper cent
(100 per cent pure material)

Pounds required per mg for 1.0
ppm F at indicated purity

pH of saturated solution

Sodium ion contributed at
1.0 ppm Fppm

F ion'storage space
cuff/100lb

Solubilityat 25C
g/100gwaPer

Weight lb /cult

Cost:
s.Cons/lb

Cents/lb availableF

Shippi containers

Liquid

144.08

22 - 30

79.2

35.2
(30 per cent)

1.2 (1 perfant
solution)

0.00

54 - 73

-1r
Infinite

10.5 lb/gal
(3Q pet cent)

2 - 15
14 - 63

13-kal carboys
55-gal drums. bulk

EP

a,

0

S.
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5ODIUM SILIC,OFLIJORIDE

Item

Sodium Silico-
fluoride
Na2SiF6

Powder or
Form` very fine crystal

Molecular weight 188.05
."-^v

Commercial puritypercent 98 - 99

fluoride ionpir cent 6

(100 per cent pure material) 60.7

Pounds required per mg for 1.0 14.0
ppm F at indicated purity (98.5 per cent)

pH ofsaturated solution 3.5

Sodium ion-contributed at
1.0 ppm Frppm

F ion storage space
cu ft/ 100 lb

Solubility,at .25C
g/109,g water

Weightlb/cuft

Cost:
Cents/lb
Cents/lb availableF

Shipping containers

.vo

O

0.40

23 - 30

0.762

55 -72

8 -10
13 -17

100-lb bags
125- 400-lb

fiber drunis7bulk

a

4

1
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SUMIARy OF FLUORIDE COMPOUMS

.

Item
SodiuM fluoride

NaF

.

Sodium Silk&
. fluoride
Na2SiF6

-
Fluosilicic Acid

T-12SiF6

Powder or
Form Powder or Crystal very fine crystal Liquid.

- .
Molecular weight.' . 42.00 188.05 144.08

COmmerci al purit y--,per cent ., 90 -98 98 -99 22 - 30

Flboride ion per cent (

(100 per cent pure material) '42.25 60.7 79.2!
.

Pounds required per mg for 1.0 18.8 14.0 35.2
ppm F at indicated purity (98 per cii4) (98.5 per cent) (30 per cent)

pH.of saturated solution 7.6 3.5 1.2 (1 per cent
solution)Remarks a-h - c, d, h d-f, h, i,1

F ion storage space-
cult/100 lb 22 - 34 23 -30 54 -73

* .

Solubility-at 25C .
000g water 4.05 0.76 Infinite

Weight -lb /cult 65 - 90 55 - 72 10.51b/gal
,

.
(30per ceitt)

. .Cost:
Cents/lb 18 - 25 8 -10 21/2 -IS
Cenallb available F 41 -57' 13 -17 14 -63

Shipping containers 100-lb bags' 100-lb bags 13-gal carboys
125- 400-lb

fibei drums,L12ulk
125-400-lb

, fiber drums, bulk
55 -gal drums, 'bulk

4

.

Ceramic crocks or other .corrosion-resistant containers.
Conditioning make-up water to minimize clogging by sludge.
Respirator (dust mask).
Rubber gloves.
Residual.

I Weighing scales.
Polyphosphate feel! to stabilize solution and minimize incrustation.
Automatic stop-start controls.
Acidproof 'aprons.

i Industrial goggles 'for protection agaibst arid.

+.

o.

IQ

C
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Population-Size of.
Water Supply., Sylifems.

s,Yrii)RroF GiEmic.AL USE

.

Number of Sodium
Systems Fluoride

Fluoridating Solution

Sodi6m Fluostlicic Ammonium Calcium Other, Adjusted
Silicofluoride 4' Acid Fluosilicate Fluoride Natural Fluoride,
Dry Solution Solution Dry Solution Solution And Not Specified

Totals 1,785 147 412 710 , 67 383 1

.1,000,000 and OVER 5 1 4
500,000 thru 999,999 13 ' 2
250,000 thru 499,999.
100,000 thru 249,999

16
47

4
6

'

1 2

1 1

12
'50,060 thru 99,999 60 Z 1 47 . 2 8
24/000 thru 49,999 140 19, 8 80 10 19 1
10,000 thru 24,999 335 37 33 192 8 56
5,000 thru 9,999 344 41 57 167 12 61
2,500 thru 4;999 303 21 ' 86 115 10 66
1,000 thru 342 17 137 58 17 105 A..2,499

UNDER 1,000 144 89 2 5 48
NOT SPECIFIED 36 2 1

'31.
84.

S

6 1- 58

1

1.;

2k

1if

L

SI

2

9

4
3

7'

33
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TYPICAL SOU glom FEnErc

. FLOW CONTROL
12S psi

--"Ic:.:::4..,
MAX SYPHON BREAKER

NI ;: It SOLENOID VALVE
II MOLDED FIBERGLAS COVER

ImETtit 7WATER PIN

fJI PVC BLO BOCK"

LPL AtoienAL"4.1%. PVC UNION
zzSa1. FLOAT VALVE

ASSEMBLY

ssr

50 GAL. POLY -
ATHYLENE TANK

WATER.
SATURATED SOLUTION

SOFTENER
OF 4% FLUORIDE

TO POINT OF
APPLICATION

WALL I- -------ANTI-SIPHON VALVE -
OUTLET PCPC: 5000 SERIES I)

4,;e:t.t.X147r7-
N k

115 VAC. FLUORIDE PUMP60 Hz

".sit
rsex-

PCPC LIOUID
LEVEL SWITCH

3/4" NPT
OVERFLOW

eLs;.;).
J

' -- ;Totingri-;;,:- DISTRIBUTOR TUBES

SODIUM FLUORIDE

33

I

II -

PVC BALL VALVE(OPTIONAL),
T /4. NPT DRAIN

a
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TYPICAL DILUTE ACID FEEDER
,

/ 1

1

4 ! % 0 '

W.Allt SLOW .

Piti Si 01. VAIVA

\ .

Miff IMO 'um.

11111NS11111 PUMP

ACID PANE

OAT SAHA

lACI_ON PLATIOAM SCAll

7f: '
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a

.OUTLET
ECCENTRIC

INIsir,110.
°

Cr

INLET

DIAPHRAGM
POSITIVE- DISPLACEMENT

DIAPHRAGM PUMP '
POSITIVE-DISPLACEMENIPLUNGER#PUMP

II

CAM AND PISTON GEAR

II

VANE SLIDING -VANE SWINGING
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SOLUTIM FEEDER SELECTION PROBLE",

Problem: Select a solutionlfeeder for the following apblication:
Water flow-200 gm at,75 psi
Fluoride source saturator (produces a 4 per cent sodittty.fluoride solu-

, . tiorx, 18 000 ppm gs F)
Desired fluoride level 1.0 ppm

. 'Calculated solution feed rate: R1 X C1 = R2 X.C2
where

R1 = water rate, in gallons per minute
.C1 = fluoride level, in parts per million
/21 =, soltition feed rate, in gallons per minute (the unknown qu4ntity, inthis case)
C2 = solution strength in parts per million

then
200 gal/min X 1.0 ppm = x X 18 000 ppm

200 gal/min X 1.0 ppm
0.011 gal/min

18 000 ppm

0.011 gal
X

60 min 0.67 gal
min hr hr

. Feeders available: z -..,

Manufacturer A, odel 1203 three-step pulley drive.
Defivery rate: ..

at'13 spm, 0.02 - 0.3 gpm at 100-tisi
at 26 spin; 0.04 - 0.6 gph e 1 - /
at 46 spm, 0.06 - 1.06 gph ..-

Manufacturer B, Model 5701-111, single speed (37.5 spm)
.Delivery 'lie: 0.05 - 5 gph maximum a i.

,Manufacturer C, Model 12000, electronic. stroking control,(3 - 72,spm)
Delivery rate: 0.01 - 1.6 gph .

- 4 , <

i
Selection: The required delivery rate falls:within the range of all three feed-

ers,-so all are possibly acceptable. However, the delivery rate would require the
highest stroke frequency of the feeder from Manufacturer A, a situation which,
while not unacceptable, is not Arred. Similarly, the delivery rate is too close
to the minimum of the feeder ManufaCturer B tribe completely satisfac-
tory. The feeder from Manufacturer dappears to be the best choice, since the
delivery rate is approximately in the middlof its range. A further invettifation
into the feeder characteristics should'be Made i4 order to ascertain the combina-
tion of output'per stroke and stroke frequency that would be required; and-to
verify that heitherls, near the extremes of the feeder capability.

r.,

q

36.

-
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MOTOR

GEAR REDUCER

FEED RATE
REGISTER AND FEED

ADJUSTING KNOB
./

SOLUTION
CHAMBER

0,0

HOPPER

ROTATING AND
RECIPROCATING -
FEEDREW

VACUUM ITIVAKER
-WATER INLjT

JET-MIXER

TF*PARENcv -117-LiS
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MOTORDRIVEN
A GITATOR

lT

,

ROLL-TYPE TPY FEEDER,

HOPPER

..-GUIDkVANES

FEED SLIDE

FEED ROLLS

0

JO DISSOLVING CHIktiER:'

3.8 a -1
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FEED

SECTION

GATE

POSITIONER

4

GATE

YOKE

1

MAGNET POISE
WEIGHT

1.

.40

SCAI,E BEAM

1 __ 1
1 i
1 1 III LL-

Ir.).11fW)
WEIGH DECK

FLEXURES-1
STATIONARY DECKS

ti

3 9

MERCURY
SWITCHES

WEIG H BELT,

TRANsFARENcy .1121'S y !.41
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"LOSS-IN-WEIGHT" -TYPE DR): FEEDER

4

.TRANSITI041
HOPPER

'16

.1 4

COPR9C PANEL

RATE SITTER

C.T4

SCALE SEAM

HELIX TYPE
ffEDER MECH
VARIAILE RAIE
IMO SET FROM
PHOTOCEll

11.--ge:\\I i/ t t( ))
\ -1

40 r

VANUATU SPEED
FEEDER MOTOR

J

44

ft

.14

AO

Vf

-

a

a

0

P.

TRANSPARENCY. 112t!IS
0



s.

ti

DRY FEEDER OPFRATIMS PROBLEM

To determine the accuracy and reliability of a dry feeder. a small balance orscales and a stopwatch or a watch with a sweep second hand, are required, In-- sum shallow paiisor sheet of cardboard between the measuring mechanism anddissolving chamber of the feeder while the feeder is opetating, making sure thatall the chemical that feeds through 41 be collected. Collect the chemical that isfed in several short periods; for example, 5 periods of 510in,each. Weigh each ofthe amounts collected and the total. Provided the weighings and timings are ac-curate, the individual samples will indicate the uniformity of feed, and the total!N. will indiciie the accuracy of feed rate.

Example : -Weights of sodium silicoauoride in grams collected in 5-min periods

35
35
34
36
35

.

175 Average: 35 g/rpin

Uniformity: .35r ± 1 g in 5 min (about 3 percent variation). ,

Feed rate: 35,g , 60 min"5 min X
hr = 420 g/hr or 0.925 lb/hr

The uniformity of feed in this,case would be acceptable. If fluoride levels areto be qiintained within 10per cent, the feeder,delivery rate should be maintained afthe highest accuracy possible. Repeating a test with longer sampling peri-ods would- tend to show a smaller percentage of variation's if the feeder is inproper/ working condition.

TRANs.FAREKY' I 1.91VS - #17
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R_DORIDATIOM AUXILIARY EILIIPTIT..

. METERS
,7 SCALES

SOFTENERS
"FIXERS

DISSOLVING TANKS
Q.. FLOW 'METERS

AY
8; G LOADERS
9. ST COLLECTORS AND WET SCRUBBERS

TANKS

Q. I ,ALARMS

VACUUM BREAKERS
HOPPERS

15 1'1E1 GHT RECORDERS

CONTROLLERS
TORS

MPS
TIMERS
HOPPER AGITATORS
FLOW- SPLUTTERS

42

TRANspARErict 11211:13 41.



1.

cr.

TEri STAIES.STATAPDS

4.7.1 Fluoride compound storage

Compounds ,shall be stored -,in covered or unopened shipping containers and shou'ld be
stored inside a building.-Untealed storage units for hydrofluosilicic acid should be vented
to the atmosphere at a point outside any building.

4.7:2 Chemical feed equipment and methods
0 s.

In addition to the require-menu in Part 5, fluoride feed equipment shall Meet the
following requirements:

& scales or loss-of-weight recorders shall be provided for dry chemical feeds,

b. .feeders shall be accurate to within five percent of any desired feed rate,

c. to avoid precipitation of fluoride, the fluoride compound should not be added
wore lime-soda softening and,.shall.not be added before ion exchange softening,

d. the point of application of hydrofluosilicic acid, if into-e' horizontal pipe, shall be in
thejlower half of the pipe,
r

,-e. a fluoride solution-shall be appliedthy a positive displacement pump having a stroke
rate, not less than 20 'strokes per minute,

f. adequate anti-siphon devices shall be provided.for all fluoride feed lines.

4.7.3 Protecthie equipment

At least one pair of Juhber Noyes, a respirator of a type certified by the National
Institute for Occupational Safety and Health for toxic dusts.or

'shall

gas (as necessary), an
apron, or other protective clothing, and goggles or face masks shall be provided for each
operator. Other protective eqUipment must be provided as necessary.

4.7.4 Dust control

a. Provision must be made for.the transfer of dry fluoride compounds from shipping
containersto storage bins' or hoppers in such a way, as to minimize the quantity of

fluoride dust which may enter the room 'in Which the equipment is installed. The
enclosure shall be p.rovided with an exhaust fah and dust 'filter which place the

hopper under a negative pressure. Air exhausted from fluoride handling equipment
shall discharge through a dust filter to the outside atmosphere of the building.

b. Provision shall be made for disposing of empty bpgs, drums or barrels iri,o manner
which will minimize 'exposure to fluoride dusts. A floor drain should be proykled to
facilitate the Nosing of floors. . ,

43
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Chemical And System Sodium Fluoride

Manual Solution

Preparation

Sodiiim Fluoride

Automatic Solution
Preparation

Fluosilicic Acid

Diluted
Fluosilicic Acid

23 - 30%
Sodium Siliconioride Or Sodium Fluoride, a

Dry Feed

Water Flow tate Less Than 500 gpm Ws Than 2000 gpm Less Than 500 gpm More Than 500 gpm More Than 100 gpm_ , More Than 2 MdD
Population Served By

System or Each Well Of Less Than 5000, Less Than 10,000 LeisThan 10,000 More Than 10,000 More Than 10,000 More Than 50,000Multiple-Well System

Sodium Sodium Sodium Sodium
Silicon. Fluoride Silicon. -FluorideChemical Cost, FOB,

Manufacturer
22 - 251/lb 20 - 220/lb 8 - 151/lb

(30% Basis)
$51- $58/ton
123% Basis)

9 - 100/ lb 18 - 200/lb 8-900 18 - 200/lb

Chemical Coit/lb, 3o- 570 46-50i _33,263i so 14-16i 15 17i 41-46i. 13 - 15i 41- 46iFluoride Ion

Equipment Cost/Unit $100 - $500 500-S1600 $250'And Up $500 And Up $1,000 And Up $3000 And Up
Equipment Required Solution Feeder, Solution Feeder, Solution Feeder, Solution Feeder, Day Volumetric Dry Feeder, Gravimctric Dry Feeder,Mixing Tank, Scales, Saturator, Water Scales, Measuring Tank, Scales, Transfer Scales, Hoppers. Hopper, Dissolving ChimberMixer Meter - ; Container, Mixing Pump Dissolving Chamber

Tank, Mixer
Feed Accuracy Depends On Solution Depends On Feed -pends On Solutio Depends On Feeder Usually Within 4% Usually Within 1%Preparation And Preparation And

Feeder Feeder

ChemicalSpecifications
And Availability

a

Crystalline NO,
Dust-Free, In Basi

Or Drums. Generally

Downflow C. arse
Crystalline N:

In Bags Or D urns.

Low-Silica 0

Fortified Acid In

Drums Or Carboys.

Bulk Acid In Tank Cais

Or trucks. Available

On Contract

Powder In Bags, Drums Or Bulk. Generally Available.

Available. May Be Scar e.

Up now e

Genirally Avail-

able.
Crystalline aF

Handling Requirements Weighing, Mixing,

Measuring

Dumping solo Bags

Only
Pouring Or Siphon-

ing, Measuring,

Mixing, Weighing

All Handling By Primp Bag Loaders Or Bulk Handling Equipment Required

Peed ing'Point Ihjection Into Injection Into *- Injection Into njection Into Filter Gravity Feed From Dissolving Chamber Into Opeii FlUmeFilter Effluent'Llne Filter Effluent Filter Einuent Muent Line Or Main Or Clear-Well, Pressure Feed Into Filter EffluenaineOr Main. Line Or Main : Line Or Main
Or Main

Other Requirements Solution Water May Solution Water May Dilution Water May cid-Proof Storagi Dry Storage Area, Dust Collectors, DissolvingChamber
Require Softening Require Softening RequiroSoftening ank, Piping, Etc. Mixers, Hoppergitators, Eductors, Etc.

Hazards Dust, Spillage, ,

Solution Preparation

Dust, Spillage corrosion, Fumes,
Spillage, Solution

rrosion, Fumes,

akage
Duit, Spillage, ArchingAnd Flooding In Feeder And Hopper

Error Preparation Error
4
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,MONITORING REQUIREMENTS

4:INVI!PNMENTAC. PROTECTION AGENCY
1, !JRINKING WATER STANDARDS

A) SURFACE WATER SUPPLIES
ONE SAMPLE PERYEAR

B) GROUND WATER SUPPLIES

ONE SAMPLE PER TWO YEARS
2. FWORIDATION PROGRAM .

A) ONE SAIPLE PER DAY AT PLANT AND AT SOME
POINT IN THE DISTRIBUTION SYSTEM.

B.
IOWA DEPARTMENT(OF ENVIRONMENTAL QUALITY_

. t%ILY SAMPLING AT THE PLANT
2. NTHLY RFFEREE SAMPLES FROM THE STATE

HYGENICS LABORATORY'

Va.

;

No

46
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LABORATORY CONTROL

4, !Au ZAR I tr METHOD

B. -TAMS METHOD

C ELECtRODE METHOD

c

J

47
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A

,:l1FFLUORIDATIO9

At ACTIVATED ALUMINA
REGENERATED WITH 173 SOLUTION OF CAUSTIC SODA

B. BON= CHAR
tGENERAT64*TH 1! SOLUTION OF CAUSTIC SODA

.C. ION EXCHANGE 4L

48
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CLASS PROB4,EMS

for

Training Module II2WWS
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CLASS PROBLEM J/1

1 ., . .,.
1. If a water supply serves an area with=an annual maximum daily air

temperature of 70°F and has a natural fluoride concentration of_7.0
mg/1:

\,

a.) What fluoridation system-should be, used?.

b) Whatill be the optimal concentration?

c) What will be the-maximum allowable concentration?

d) What will be e recommended minimum concentration?

o

114`
4.

t
V

o °

-

50
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CLASS PROBLEM #2

1. A community of 2,000 people ts considering a new fltioridation system.
The current ,water supply is a well water having a natural baCkgroutti
fluoride concentrati rerioV .5 mg/l.

a. If the average maximum air temperature-is 75aF, what should the
fluoride concentration be adjusted to?

b. Mkt fluoridation feeding system would 'be .the,most economical?
Approximately what would the cost be?

I

ti,
c. If the community uses 150,000 gallons per day, what will be

the chemibal cost?.

OM.

a"`

41."".
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Handout for II2WWS - Fluoridation and Defluoridation

I. -Introduction

A. Higtory of fluoridation
B. Benefits of flubridation
C. Drinking water standards

Annual Average of Makimum
Daily Air Temperatures Based
on Temperature Data Obtained
for a Minimum of 5 Years
(°F)

Fluoride- Ion'Concentrations
(mg/I) P.4

Recommended Limits

Lower 'Optimum .Upper
Approval
Limit

5.0.0 -53.7 0.9 . 1.2 1.7 1.8
53.8-58.3 0.8 1.1 1.5/s 1.7
.58.4-63.8 0.8 1.0 .1.3 1.5
63.9-70.6 ' --)0.7 0.9' 1.2 1.4
16.7-79.2 0.7 0.§- 1.0 1.2
79.3-90.5 0.6 el , 0:8 1.1

Source: 1974 Drinking Water Standards and Guidelines, Water Supply Division, Environmental
Protection Agency.

r.

II. Principles of Fluoridation
A. Sodium fluoride
B. Flubsilicic Acid
C. Sodium Silicofluoride
D. Summary of fluoride compounds

A

53
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Item
Sodium Ftuoride

NIF

Sodium Silico-
fluori4y
Ni2

.
Fluosilicic Acid

.,,142SiF6

Focm

Molecular weight

Commercial puritypercent
,.. ..

Fluoride ionper cent
(100 percent pure material)

Pounds required per mg for 1.0
ppm F at indicated purity

pH of saturated solution

Remarks

F ion storage space- - - .4

cuff/100lb

Solubilityat 25C
g/100 g water

Weight lb/tuft ....----'l
.

Cost:
Centsnb
eent;nb availableT

Shipping containers
.

'

Powder or crystal

42.00

0
90 - 98

42.25

18.8
(98 per cent)

7.6

a-14

i$

22 - 34

i
4.05

65:94_

,

lit -2.5
41 - 57.

100-lb bags
125 400-lb

fiber drums, bulk

Powder or
very fin crystal

188.05

98 - 99 .
. ''

60.7

14.0 .

(98.5 percent)

31.5

4 d, A

23 -30

0.162

5172

8 -10
13 -17 ,
dye -

. °1419-lb bags

125. 400-1b
fiber drums, bulk

Liquid'

144.98

, 22 -30

79.2
'

- 35.2
(30 pet cent)
. -

.1.2 (1 per cent
.

solution)
d7f,h, i, j

1,

54 - 73

Infinite

10.5 lb/gal
(30 per cent)

21/2 -15 . ,

14 -63

13-gal carboyk
55-gal arums, bffi:

Ceramic crocks nr other cor Rion- resistant containers.
t Conditioning make-up water to inimize clogging by sludge.

Respirator (dust mask).
Rubbcr,gloves.
Residual.
Weighing scales. 1
Polyphosphate feed to stabilize solution and minimize incrustation. .

5-Automatic stop-start controls.
Acidproof aprons. ,

Industrial goggles for protection against acid.

o

a
54
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III. Solution Feeders Used f r Adding Fluoride
-A.. Typical solution feeders
.B. Typical dilute acid feeder

. , C. Positive displacemen solution feeders
IV. Dry Feeders Us40 for Addj g Fluoride

A. ScreW-Type
B. Roll-Type
C. Belt-Type

i -D. "Loss-In-Weight" Tyre
Selection of Optimal Fluori ptipp System
A. Auxiliary Equipment
B. Ten.States Standards

4.7 FLUORIDATION

Commercial .sodium fluoride, sodium sili ofluoride and hydrofluosilicic acid shall conform to the
applicable AWWA standards. Other fluoride compounfis which, may be available must be

'.approved by the reviewing authority. The proposed method of fluoridei feed must be approved
15y the reviewing authority, prior to 13repara ion of final plans and specifications.

"." 4.7.1 Fluoride, compound storage

Compounds shall be stored in coy red or opened shipping containers and, should be
stored inside a building. Unsealed s orageurtits for hydroflupsilicic acid should be vented
to the atmosphere; at a pOint,outsid any building.

4.7.2 Chemical feed equipment and methods..

In addition to tfie requirements in Part 5, fluoride feed eqPipment shall meet the
. , .

.j.
following reqgirements: ,

7.
1

: . .
a. scales or loss-ofweight recorders shall "be provided for dry\chernical feeds,

., .
1

b. feeders !shall be accurate to within five percent of any desired feed rate,
I-

- . C. to avoi precipitatiori of fluoride,, the fluori0 compound sty Id not be added
before lime-soda softening and shall not be added before kit ex hange softening, ,

, .

, .. .
the point of application of hydrofluosilicic acid, if into a tal pipe, shall be in .
.the lower half Of the pipe, -.v '

k
.1

a fluoride solution shall be applied 6y a positive displace nt pump having a stroked
.rate not less thaneti strokes per/minute, :

. ,,,
. ,

f. adequate'inti-siphon devicesshall be provided for all fluoride feed lines.

.r
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a.

/

/764.7. Protective equipment
Ii

At least. one pair of rubber gloves, a respirator of a type certified by the National
InstitUte for Occupational Safety and Health. for toxic dusts or acid gas (0 necessary), an

apron, or other protective clothing, and goggles or face masks shall be provided for each' ,

operator. Other protective equipment must be provided as necessary.

4.7.4 Dust control

,,

a. Provision must be made for the transfer of dry fluoride compounds from shipping
containers to storage bins or'hoppers in such a way as to minimize the quantity of
fluoride dust whiCh may enter the room in which the equipment is installed. The
enclosure shall be provided with an exhaust fan and dust filter which place the

hopper under a negati4 pressure. Air exhausted from fluoride handling equipment
shall discharge throu 'gh a, dust filter to the outside atmosphere. of the building.

sae

b. Provision, shall be made for disposing of empty bags, drums or barrels in a manner
which will minimize exposure to fluoride dusts. A floof drain should be provided to
facilitate the hosing of floors.

4.7.5 Testing equipment

Equipment shall be provided for measuring the quantity of 'fluoride in the water. Such
equiPment shall be subject to tie approval of the reviewing authority.

1.
2°)

C. Fluoridation Check List 1

(Se g Figure #1). .4

VI. Analytical Control

A, Monitoring_requirements
1. Environmental Protection Agency

a. Drinking Water Standards.
,1) Surface water supplies

one sample pqr year
2) 'Ground water supplies

one sample per two years
b. Fluoridation Program

1) Ong 'sample per day a't plant
r and at some' point in the

4
distribution' system.,

1

2. Iowa Department of Environmental Quality.
a. Daily sampling at the plant
b. Monthly referee samples from the State :

Hygienics Laboratory.
/'

x P. LObratory Control ,

1. Alizarin Method
2. SPADNS Method'
3. Electrode Mgthod

56
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-VII. Defluortdation
A. Activated Alumina
B. Bone Char
C. Ion Exchange



4.

4

Chemical And System

Water Flow Rate

Population Served By

System Or Each Well Of.
Multiple-Well System

Chemical Cost, FOB

Manufacturer

Chemical Coit/lb

Fluoride Ion

Equipment Cost/Unit

Equipment Required

Sodium Fluoride

Manual Solution

Prepaiation

Feed Accuericy.

Less Than 500 gpm

Less Than 5000

Chemical Specifications

And Availability

Handling Requirements

Feeding Point

Other Requirements

'Huard:

22.2Sifib

SO- 57i

$100-$soo.

Solution Feeder,

Mixing Tank, Scales,

Mixer

47

Depends On Solution

Preparation A/nd

.Feeder

grystgline NaF,
Dust-Free, In-Bags

Or Drums. Generally

Available.

Weighing, Mixing,

Measuring

Injection into

Filter Effluent Line
Or Main

Solution Water May

Require Softening

Dust, Spillage, :

Solution Preparation

Error

Sodium Fluoride,

Automatic Solution

Preparation

Less Than 2000 gpm

.
Less Than 10,000

20 - 22i/lb

4.504

$500 - $1000

Solution Feeder,
Saturator, Water

Meter

DependsOn Feeder

Vow nfiow - Coarse

Crystalline NaF

1n,Bags Or Ilium /
May Be Scarce. ,'
Upflow - Fite

Crystalline NaF

Dumping Whole Bags

Only

Injection Into

F' ter EfflOn` t

LintOr Main

SOlution Water May

Require Soften?"

st pillage,B-:

Fluosilicic Acid

Diluted

Less Than.500 gpm

Less Than 10,000

8 15i/lb
(30% Basis)

33"- 634

Fluosilicic Acid
23 - 30%

More Than 500 gpm

$250 And Up

$5 I - $58/ton

(23% Basis)

14.164

Solution Feeder,

Scales, Measuring

Cqntainer, Mixing

Tank, Mixer

Depends On Solutio

Preparation And
Feeder

Low-Silica Or

Fortified Acid In
Drums Or Carboys.

Generally Avail-

able.

$500 And.Up

Solution Feeder, Day

Tank, Scales, Transfer

Pump

Depends On Feeder

Bulk Acid In Tank Cars

Or Trucks, Available

On Contract

Pouring Or Siphon-

ing, Measuring,

Mixing, Weighing

I njection In to

Filter Effluent
Line Or Main

Dilution Water May

Require Softening

Corrosion, Fumes,

Spillage, Solution

Preparation Error

All Handling By Pump

njection into Filter

(fluent Line Or Main

Socitunt Siliconuoride Or Sodium Fluoride

Dry Feed , ti

More Than 100 gpm More Than 2 MGD

More Than 10,000

Sodium

Silicon.'
9 - 10i/ lb

17

- More Than 50,000

Sodium

Fluoride

18 - 200/lb

41-7464

Sodium

Silicon.

8 - 9i/lb

13-1Si .

Sodium

Fluoride

18 -20i/lb

41-464

$3000 And Up

Cravimetric Dry Feeder,

Hopper, Dissolving Chamber

Usually. Within 17r_

wder In Bags, Drums Or Bulk. Generally Available.

Bag Loaders Or Bulk Han. ling Equipment Required

Gravity Feed Prom Dissolving Chamber Into Open Mime

Or Clear-Welti pressure Feed Into Filter Effluent Line
OrMain

cid:Proof Storage,

ank, Piping, Etc.

rrosion, Fumes,

akage

Dry Storage 4reaMust Collectors, Dissolving-Chamber

. Mixers, Hopper Agitators, Edtictors, Etc.

Dust,SpillagelArching And Flooding In Feeder ?id Hopper

F1 GuRE I 5J _2
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Examination for II2WWS - Fluoridation and Defluoridation

1. Fluoridation is -a commonNter treatment process for the prevention,

of

2. .Maximum fluoride levels in drinking water have been set by

3. The maximum fluoride level in drinking wardepends on

4.- List three common chemicals used in fluoridation.

a, .

b.

C.

5. List four dry fluoride ieeds.

a.
b.

-c
d.

6. Li t three laboratory tests used to control fluoridation:

7. 'Defluoridation is'gerierally accomplished

Or

,
4 v

7
8. Monitoring requirements st?te that samples are to be collected daily at

r . and '

i
e.

. .

i 9. If a water plant ,adds .6 mg/1 of fluoride to 1. mgd, how many, pounds of '
fluoride will be needed per day? , If the fluoride is added v
by. use- of a 20% solution, how many gallons of fluoride solution will
be pumped per day? .

TRUE OR FALSE. CIRC14 THE CORRECT ANSWER.

! T or F 10; Fluoride solutions,are very soluble i'n high calci-unlwaters..
. .

, i T or ;,'F .11. Fluoride benefits increase with increased concentration.

T or F 12. Fluosilicic Acid -is usually shipped as a powder.
.

T or F 13. solution feeders are normally less' expensive and easier
to operate than dry' feeders.

, T or F 14. Dry feeders are normally more economical for laloge water
, supplies. '

) ;

/11111M
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.111,

T or F 15 A respirator and eye protection should always be used
when handling dry fluoride chemicals.

T or F, 16. Softenern or polyphIsphates are normally required for

-

solution feeders.

T' or F 17. DEQ requires referee samples be tested by plant operatOrsi,
..., and the State Hygienic Laboratory.

T or F 18. The,electrode method for fluoride determination is the
----only one method approved by EPA.

7 or F 19.--DefTdoridation systems are'nonmally regenerated with
causic soda.

10

ji
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